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Abstract 
Electro Chemical Discharge Machining is one of the hybrid non-conventional machining process and it has wide scope for 
making intricate shapes in non-conducting materials. The mechanism of material removal in ECDM is thermal spark erosion 
(EDM) and chemical etching (ECM). Most of the researchers have used different base electrolytes – NaOH, KOH, NaCl etc for 
machining in ECDM process. In this paper an attempt has been made to machine a semi conducting engineering material with a 
mixed electrolyte of NaOH and KOH. Results have shown the improvement in machining rate in terms of material removal rate 
with mixed electrolyte.  
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1. Introduction 
The mechanism of material removal in ECDM is combined effect of thermal spark erosion (EDM) and chemical 
etching (ECM). In thermal spark erosion, the workpiece is heated by spark energy which raises the local spot 
temperature to a very high value sufficient for melting and may even vaporize the workpiece material.Chemical 
machining mechanism is supported by the fact that the machining performance depends on the type of electrolyte 
used. Several evidences reveals the maximum MRR is due to thermal erosion and very little material is etched away 
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due to chemical etching.The chemical reaction takes place as soon as an appropriate potential is reached between the 
inter-electrode gaps of the machining zone [1]. It also depends upon the workpiece materials, tool materials and 
electrolyte. In this paper the effect of mixed electrolyte in ECDM process is detailed  
 
Nomenclature 
EDM  Electro Discharge Machining 
ECM  Electro Chemical Machining  
ECDM  Electro Chemical Discharge Machining Process  
MRR  Material Removal Rate 
TWR  Tool Wear Rate 
HAZ  Heat Affected Zone 
ROC  Radius of Overcut  
 
2. Literature Study 
Mechanism of spark generation during ECDM process was detailed by Basak and Ghosh [2]. They have developed 
an experimental setup to machine non-conducting materials. They have proposed a theoretical model for estimating 
the critical parameters -voltage and current in machining process.Fascio et al.[3] have tried to control the 3D micro 
structuring in ECDM process. They have controlled the machining depth with applied voltage and working distance 
between tool and workpiece. They found that repeatability with accuracy was impossible at higher depth due to lack 
of tool tip geometry. Again Fascio et al. [4] have also investigated machining of glass using current/voltage 
measurements. They have reported photographs of the tool electrode under different regimes. Due to the ohmic 
heating, the temperature near the tool electrode reaches the boiling point of the electrolyte resulting in the generation 
of water vapour bubbles. These bubbles cover the active surface area of the tool electrode, leading to blanketing 
(i.e., isolation between tool and electrolyte). Once the bubbles dislodge from the tool surface, contact between the 
electrolyte, tool is re-established, and the cycle will be repeated. Further Fascio et al. [5] later proposed two 
theoretical models of Spark Assisted Chemical Engraving (SACE) process. 
 
Lijo and Somashekhar [6-7] had conducted Response Surface Modeling (RSM) of ECDM process with pulsating  
DC  to  understand  the  effect  of  various process parameters on micro hole  and micro channel machining to study 
the output response Material Removal Rate (MRR), Tool Wear Rate (TWR), Heat Affected Zone (HAZ) and Radius 
of OverCut (ROC). They found that that the temperature of the electrolyte affect the  machining process. MRR  
decreases  at  higher  depth  due to  lower  spark  energy which  was  due  to unavailability of electrolyte . Lijo and 
Somashekhar [8-9] have also carried out multi objective optimization with grey relational analysis. They have made 
micro channels with optimized values.reported that heat affected zone in micro channles can be reduced with low 
duty factor during machining process. Lijo et al. [10] also reported that higher frequency at low duty factor will 
increase MRR with reduction in HAZ. Duty factor is found to be a predominant factor affecting the machining 
characteristics. Ranganayakulu  et  al.  [11]developed an  ECDM  setup  for micromachining of acrylic plate. The 
soft computing technique of Artificial Neuro Fuzzy Inference System (ANFIS) was used for modeling and found 
that voltage had predominant effect on MRR than electrolyte concentration and tool feed rate. 
 
Han et al. [12] have reported reduction in breakdown voltage and 10 % reduction in peak current during 
machining of borosilicate glass with the addition of graphite powder in the electrolyte. Surface qualities of the 
machined surfaces are also improved with the concentration of graphite powder used. They have found that the 
conducting powder stabilizes discharge current in ECDM process as discharge energy dispersion takes place through 
the conducting powder mixed in the electrolyte.Tang and Zhao [13] studied various methods for improving the 
MRR in borosilicate wafer machining. They found that ultrasonic vibration; abrasive particles in electrolyte and 
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side-insulated electrode improve MRR of pyrex glass. The potential between the tool and the imaginary electrode 
was decreased when the conducting particles were mixed in electrolyte.  
 
Chak and Rao [14] have carried out experimental study with spring fed cylindrical tools under gravity feed 
mechanism with mixed electrolyte. They have reported that abrasive rotary tool increased the machinability and 
MRR due to abrasive particles present in machining. Chak and Rao [15] have also carried out ECDM machining 
with mixed electrolyte of NAOH and KOH on aluminium oxide workpiece material. It was found that the 
conductivity of the electrolyte was higher with mixed electrolyte. This provided higher heating in machining area. 
But beyond the saturation limit conductivity was found to same with higher concentration. In the present paper 
machining is carried out on silicon wafers with mixed electrolyte of NaOH and KOH with varying electrolyte 
concentration from 5% to 15 % wt fraction in order to improve the material removal rate in the process. 
3. Experimentation with mixed electrolyte 
An attempt has been made to machine the silicon wafers with mixed electrolyte of NaOH and KOH of equal 
weight fraction with stationary musical string steel wire tool with an indigenous ECDM setup as shown in Fig.1.  It 
is found that KOH being higher reactive property, machining takes place at lower concentration in short period of 
time. However, the quality of the micro-feature is distorted due to uncontrolled etching of highly reactive KOH 
electrolyte. Tungsten carbide of 300 µm diameter was used as tool electrode. Table 1 shows process parameters used 
for machining of silicon wafers with mixed electrolyte. The electrolyte concentration, voltage and duty factor are 
considered as main process parameters. The standard DOE table for 3 parameters with 3 levels, L9 oorthogonal array 
is selected to conduct the experiments. Table 2 shows experimental layout plan along with obtained MRR results 
with mixed electrolyte. 
 
Table 1. Process Parameters. 
 
 
 
 
 
 
 
 
 
Table 2. Orthogonal array with experimental results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Level 
Process Parameters 
Electrolyte Concentration     
(NaOH+ KOH) (wt %) 
Duty    Factor 
(%) 
Voltage 
(V) 
 
1 5 60 35 
2 10 70 40 
3 15 80 45 
Sl No Electrolyte Concentration 
(wt%) 
Voltage 
(V) 
DF 
(%) 
MRR 
(mg/min) 
1 5 35 60 0.059 
2 5 40 70 0.173 
3 5 45 80 0.227 
4 10 35 70 0.361 
5 10 40 80 0.089 
6 10 45 60 0.146 
7 15 35 80 0.229 
8 15 40 60 0.016 
9 15 45 70 0.163 
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From the experimental results it was found that material removal rate has increased compared with single electrolyte 
[6] due to the presence of highly reactive KOH electrolyte. 
4. Results and discussion  
Fig. 2 shows the main effect plot used to optimise the process parameters for maximum MRR while machining 
the silicon wafer with mixed electrolyte. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The maximum MRR is obtained for - electrolyte concentration of 10 wt %, voltage of 35 V and duty factor 70 %. 
The corresponding optimal value of MRR for the above combination, obtained through the Table 2 is 0.361 mg/min. 
Fig. 2. Main Effect Plots used to Optimize the Process Parameters  
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Fig.1. Schematic Diagram of ECDM setup  
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The effect of mixed electrolyte concentration on machining silicon wafer is elaborated on material removal rate with 
optical microscope images. The other process parameters like voltage and duty factors are varied according to L9 
orthogonal array as mentioned in Table 2. Figure 3 shows the optical images (50X) of silicon wafers machined with 
5 wt % NaOH and KOH. Other process parameters are mentioned on the Fig.3 with obtained MRR.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.(a) shows MRR is lower at low voltage and at low duty factor. This is because at low voltage, spark 
intensity is very low and liberated heat energy is not enough to melt and evaporate the material. Figure 3 (b) shows 
the irregular shaped micro-holes formed at 40 V and 70% duty factor. The KOH in the electrolyte mixture is 
responsible for this uncontrollable etching on the silicon surface. Figure 3(c) show that MRR increases with increase 
in voltage and duty factor. This is due to high intensity sparks formed at the tool surface which facilitates the quick 
machining of larger diameter on the silicon wafer surface. 
 
Figure 4 shows the optical images (50X) of silicon wafers machined with 10 wt % NaOH and KOH. Other 
process parameters are mentioned on the figure with obtained MRR. Figure 4 (a) shows that optical images of 
silicon wafer with micro-cracks on the surface. MRR obtained is more at lower voltage and medium duty factor. So 
duty factor plays a major role in controlling the MRR with mixed electrolyte. Figure 4 (b) and Fig.4 (c) shows lower 
MRR compared to initial condition. This is due to material pile up on the surface of silicon wafer due to high 
intensity spark produced at high voltage on tool surface. 
 
Figure 5 shows the optical images (50X) of silicon wafers machined with 15 wt % NaOH and KOH. Figure 5 (a) 
shows that material re-deposition is more at higher electrolyte concentration and lower voltage. Figure 5 (b) shows 
that at a higher voltage of 40 V, uneven heating of silicon wafer occurs due to high intensity sparks. This increases 
material pileup on silicon wafer surface. Also chemical etching causes higher dissolution of the silicon wafer and 
creates irregular shape as shown in Fig.5 (c).From the detailed experimental study it is found that higher 
concentration of the electrolyte produce irregular shape due to highly reactive KOH electrolyte. The micro-feature 
generation is difficult with mixed electrolyte compared with NaOH electrolyte alone. The MRR is higher with 
mixed electrolyte compared with NaOH electrolyte. 
 
 
 
Fig. 3 Optical Images (50X) of Silicon Wafers Machined with 5wt % NaOH and KOH  
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Fig. 4 Optical Images (50X) of Silicon Wafers Machined with10wt% NaOH and KOH 
Fig. 5 Optical Images (50X) of Silicon Wafers Machined 
with 15wt% NaOH and KOH  
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5. Conclusion 
x Machining of silicon wafers are carried out with mixed electrolyte of NaOH and KOH of varying 
electrolyte concentration using the indigenously developed µ-ECDM setup. 
x Design of experiments- Taguchi L9 orthogonal matrix is used to carry out the experiments to study the 
effects of mixed electrolytes, voltage and duty factor on MRR. 
x Experimental results are elaborated with optical images.  
x From the experimental study it is found that at higher concentration of the electrolyte, micro features 
produced are irregular due to highly reactive KOH electrolyte.  
x The controlling of micro-feature generation is found to be difficult with mixed electrolyte but MRR is 
higher.  
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